Primary hyperparathyroidism (PHPT) is an endocrine disorder characterized by excess production of parathyroid hormone (PTH). The incidence is highest in the elderly population and 2-3 times more in postmenopausal women [1] . The bone is the major target organ of PTH action, and sustained elevations in PTH can cause high-turnover bone disease, which is accompanied by increased efflux of calcium from the bone, leading to hypercalcemia. Another major target is the kidney, where PTH increases tubular reabsorption of calcium and stimulates the production of 1,25-dihydroxyvitamin D, which in turn increases the gastrointestinal absorption of calcium, further contributing to hypercalcemia.
Primary hyperparathyroidism (PHPT) is an endocrine disorder characterized by excess production of parathyroid hormone (PTH). The incidence is highest in the elderly population and 2-3 times more in postmenopausal women [1] . The bone is the major target organ of PTH action, and sustained elevations in PTH can cause high-turnover bone disease, which is accompanied by increased efflux of calcium from the bone, leading to hypercalcemia. Another major target is the kidney, where PTH increases tubular reabsorption of calcium and stimulates the production of 1,25-dihydroxyvitamin D, which in turn increases the gastrointestinal absorption of calcium, further contributing to hypercalcemia.
In addition to these classical actions of PTH, Kir et al. has recently revealed that PTH and PTH-related protein (PTHrP), which share the same receptor, are important mediators of the loss of adipose tissue and muscle mass in cancer and renal failure [2] . Their previous work on cancer cachexia has shown that tumor-derived PTHrP triggers adipose tissue browning (i.e. phenotypic change from white adipocytes to beige cells) and thereby drives the expression of genes involved in thermogenesis, leading to increased resting energy expenditure and subsequent body weight loss [3] . In their follow-up study, the investigators found that 5/6 nephrectomized mice developed cachexia associated with adipose browning and wasting. They further generated mice with fat cell-specific deletion of the PTH/PTHrP receptor and demonstrated that these mice are resistant to adipose browning and skeletal muscle atrophy after nephrectomy [2] . In line with this, a recent study has shown that PTH triggers a browning program in white adipocyte precursor cells isolated from humans [4] , supporting the potential pathological action of PTH on energy wasting in PHPT patients. In contrast to these experimental findings, however, several observational studies reported that PTH levels are positively associated with body weight in the general population [5] and PHPT patients often have metabolic syndrome [6] . Although these studies are observational and cannot infer causality, these data warrant further investigation to determine whether excess PTH causes adipose browning and wasting in PHPT patients.
In this issue of EBioMedicine, He et al. [7] provide new insight into the involvement of PTH in adipose browning in PHPT. The investigators established a mouse model mimicking PHPT by utilizing adenoassociated virus 2/9-mediated overexpression of the Pth gene, and found that these mice show activated browning program, leading to increased energy expenditure, decreased fat content, and reduced body weight. They have also shown that both in vivo and in vitro, exogenous administration of PTH dramatically enhanced the mRNA levels of Ucp1, which encodes a mitochondrial protein uncoupling protein 1 that plays a key role in increased thermogenesis and energy expenditure [8] . Importantly, these changes were accompanied by increased oxygen consumption rate. Furthermore, they analyzed data from a cohort of 496 patients with PHPT and demonstrated that higher intact PTH levels were associated with lower body weight independently of renal function, serum calcium and phosphate levels. Of note, PHPT patients showed an enhanced brown adipose tissue activity compared with matched control subjects, which were matched with the browning changes in the PHPT mouse models.
He et al. demonstrated these mice with elevated PTH levels showed significant reductions in adipose tissue weight together with increased oxygen consumption, suggesting that the fat served as a fuel for increased thermogenesis and energy expenditure. In vitro study further established the direct impact of PTH on the browning of WAT，although the underling molecular mechanism responsible for the browning effect of PTH needs to be explored in detail. Thus, the decreased body weight observed in their mouse model and PHPT patients may be explained by the reductions in adipose tissue mass. However, the previous studies by Kir et al. demonstrated that muscle mass and strength were also severely decreased in models of renal failure and cancer that showed elevated PTH and PTHrP, respectively [2, 3] . Thus, future research should examine which compartment of the body (i.e. fat tissue or muscle) is responsible for the weight loss associated with elevated PTH among PHPT patients. Furthermore, given that low muscle strength could be a major risk factor for fallrelated bone fracture, it is also worthwhile to determine whether and to what extent elevated PTH causes loss of muscle strength in PHPT patients, who have increased bone fragility associated with high-turnover bone disease [9] .
Another important finding of the study by He et al. is that their mouse model of PHPT exhibited lower fasting glucose with improved glucose and insulin tolerance in association with lean mass. Ucp1 is known to play an important role in energy homeostasis and upregulation of this gene has been shown to protect against genetic obesity [10] . The observed improved glucose and insulin tolerance in PHPT mice could be due to the induction of Ucp1. It is tempting to speculate that administration of PTH improves glucose metabolism in diabetes and further study is needed to test this hypothesis.
In conclusion, He et al. demonstrated that elevated PTH induces the adipose browning program which contributes to body weight loss in mice mimicking PHPT and patients with PHPT. Their findings provide additional confirmation of the role of the adipocyte PTH/ PTHrP receptor in energy metabolism and raise the need for the assessment and management of energy wasting in PHPT patients. Continued research will provide better understanding of the pathophysiological impacts of excess PTH on energy homeostasis in PHPT, which is a crucial step for designing novel therapeutic strategies for these patients.
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